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SEASONAL CLIMATE 
FORECASTING:  
THEORY & METHODOLOGY 
SEASONAL CLIMATE PREDICTIONS 
•Project climate conditions 3 to 6 months ahead for 
climate variability primarily associated with ENSO 
phenomenon 
• Seasonal climate forecasts in high demand in 
Colombia! 
• Potentially useful information for agriculture to optimize 
planting & management decisions 
 
EL NIÑO – SOUTHERN OSCILLATION (ENSO) 
Sea-surface 
temperatures (SST) in 
the Pacific influence 
weather patterns 
around the world 
Coelho et al., J. Climate, 2006 
CORRELATION BETWEEN ENSO AND 
RAINFALL ANOMALIES IN NOV-DEC-JAN 
15 Diciembre 2010 – Canal del Dique 
Octubre 2009  
OTHER DRIVERS OF 
PRECIPITATION VARIABILITY 
 IN COLOMBIA 
Global teleconnections 
• Tropical Atlantic & Hadley cell circulation 
• Indian Ocean Dipole 
• Madden-Julian oscillation 
Regional drivers 
• Relative humidity in the Amazon basin 
• Tropical cyclones 
• Mesoscale convection 
FORECAST METHODOLOGY 
1. Global climate models & model output statistics 
2. Climate Predictability Tool from IRI 
3. Canonical correlation analysis 
4. Probabilistic vs. deterministic forecasts 
5. Verification/ evaluation 
6. Weather scenarios for crop model runs 
1. GLOBAL CLIMATE MODEL (GCM) OUTPUT 
1. MODEL OUTPUT STATISTICS 
Seasonal climate forecasting combines dynamical and 
statistical modeling approaches 
 
•Relate output from coarse-scale GCM simulation to 
point-based weather variable with a statistical model 
•Can use any dynamical model output field that is 
relevant, not just SST!  

2. CLIMATE PREDICTABILITY TOOL (CPT) 
3. CANONICAL CORRELATION ANALYSIS 
• Statistical model relating multiple predictors 
& predictands 
• Principal component analysis on both sides 
to reduce collinearity & over-specification of 
model 
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3. STATISTICAL MODEL SPECIFICATION 
Predictands: 
• 3-monthly total precipitation (e.g. May-June-July) at 
various weather stations in Colombia for at least 30 
years of history 
 
Predictors: 
• Simultaneous 3-monthly average SST in Pacific basin 
for all gridcells in a selected predictor region 
(historical AND future) 
• GCM output from CFSv2 
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Outliers 
For climatic time series: 
• quality control 
• fill missing data 
4.  
DETERMINISTIC FORECASTS 
• E.g., the most likely estimate of total rainfall in JFM is 
500 mm, and there is a 67% likelihood that the rainfall 
will fall between 200 and 700 mm 
 
PROBABILISTIC FORECASTS 
• How does the forecast compare to “normal” 
conditions in the historical record? 
• Typically expressed in terciles, e.g.: 
• Below-normal: 15% 
• Normal: 25% 
• Above-normal: 60% 
5. VERIFICATION STATISTICS 
6. GROWING SEASON 
WEATHER SCENARIOS 
• With middle month of 3-
month forecast, use 
probabilities (e.g. .15/ .25/ 
.60) to select analogous 
months in historical record 
• Repeat for all months in 
growing season, creating a 
range of time-series 
scenarios 
 
EVALUATION OF FORECASTS IN 
COLOMBIA 
FORECAST EVALUATION WITH OBSERVATIONS 
•Probabilistic forecasts (3-monthly) 
•Monthly scenarios from historical resampling 
•By: 
• 4 sites in different climate regions of Colombia 
• Forecast period (e.g. JFM, FMA) 
• Lead-time of forecast (fixed vs. running) 
• Precipitation (& temperature)  
 
 Only evaluating March 2014 to present…. 
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RANKED PROBABILITY SKILL SCORES 
> 0  positive forecast skill 
0  skill equal to climatology (.33,.33,.33) 
< 0  worse than climatology 
1-month 3-month 6-month 
Palmira, Valle 0.27 (n=5) 0.26 (n=7) -0.86 (n=6) 
Espinal, Tolima 0.52 (n=2) 0.07 (n=2) 0.16 (n=5) 
Villavicencio, Meta -0.05 (n=3) -0.47 (n=4) -1.59 (n=3) 
Montería, Córdoba -0.34 (n=7) -0.37 (n=7) -0.24 (n=5) 
GROWING SEASON FORECASTS 
•GCM initial conditions fixed at beginning of growing 
season 
•Generate overlapping forecasts for next 6 months 
with increasing lead-time 
•Create monthly time series scenarios from historical 
analogues for use in crop models 
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Precipitation Forecast, 2014 
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Selecting the best variety and date 
TEMPERATURE:  
RANKED PROBABILITY SKILL SCORE 
TMIN 1-month 3-month 6-month 
Palmira, Valle 0.19 (n=3) 0.19 (n=3) 0.63 (n=4) 
La Libertad, Meta 0.13 (n=4) 0.59 (n=5) 0.67 (n=5) 
TMAX 1-month 3-month 6-month 
Palmira, Valle 0.06 (n=3) 0.70 (n=4) 0.86 (n=4) 
La Libertad, Meta 0.38 (n=4) 0.46 (n=5) 0.70 (n=5) 
STEPS FORWARD 
WHAT COULD IMPROVE PERFORMANCE? 
• Include other global teleconnections by specifying 
SST for different regions and lag times (e.g. Tropical 
Atlantic Oscillation , Indian Ocean Dipole) 
• Additional predictor variables that better capture 
regional dynamics (e.g. wind speed, relative 
humidity from Amazon)  
• Regional climate model output to capture mesoscale 
dynamics 
• More flexible implementation of CPT, perhaps 
recoded in R 
• Improvements to climate models (e.g. ENSO onset) 
• More research directed towards estimating variables of 
interest for agriculture: 
• Rainy season onset date 
• Length of wet & dry spells during the growing season 
• Temp & precip around flowering 
WHAT COULD IMPROVE PERFORMANCE? 
(LONGER-TERM) 
QUOTE FROM IDEAM REPORT 
(MONTEALEGRE, 2009) 
“Some countries (in South America) are more influenced 
by the Atlantic and others by the Pacific Ocean. 
Regardless, on the inter-anual timescale, the Pacific Ocean 
through the ENSO cycle induces a signal that it is posible 
to see in almost all the countries of the region.  Perhaps, it 
is for this reason that the determination of the influence 
of the Atlantic Ocean on the inter-annual variability of 
precipitation in Colombia has been practically unexplored 
until now.” 
COLLABORATION WITH IDEAM 
IDEAM also producing operational forecasts and 
researching climate drivers in Colombia 
 CIAT should proactively improve communication 
with IDEAM and try to coordinate research efforts 
 
EQUIPO DE 
PRONÓSTICOS 
Gloria Leon, consultant from IDEAM 
Diego Agudelo, statistician 
New hire, meteorologist 
Questions? 
s.m.gourdji@cgiar.org 
